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© Method for manufacturing a sintered body with high density. 



© Method for manufacturing a sintered body with 
high density comprises: turning first powder into a 
first slurry by dispersing the first powder in a first 
dispersion medium composed mainly of substances 
capable of being extracted by supercritical fluid and 
forming a compact which contains the first disper- 
^psion medium, by casting the first slurry; turning 
^second powder into a second slurry by dispersing 
CO the second powder in a second dispersion medium 
Q composed mainly of substances capable of being 
extracted by supercritical fluid, and forming a film 
layer by coating the surface of the compact with the 
second slurry; extracting and removing the sub- 
stances contained in the compact and the sub- 
O stances contained in the film layer by means of the 
Q. supercritical fluid; turning the film layer on the sur- 
Uiface of the compact into an impermeable film layer 
to gas by heating the compact from which the 
substances have been extracted and removed; and 



applying a hot isostatic pressing process to the 
compact, the film layer on the surface of the com- 
pact having been turned into the ipermeabie film 
layer. 
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Method for Manufacturing a Sintered Body with High Density 



The present invention relates to a method for 
manufacturing a sintered body with high density 
from powder. 

The method described below is generally 
known as a method for molding powder by casting. 

Ceramic powders are dispersed in water to be 
turned into slurry. Deflocculating agent is added to 
the slurry and slurry properties are adjusted. The 
slurry with the adjusted properties is cast into a 
gypsum mold and solidified into a compact by 
letting the gypsum mold absorb a part of water 
contained in the slurry. The compact is dried by air 
drying or by heat drying to be turned into compact 
which can be provided to a sintering process. In 
this method, a heat evaporation is used as means 
for removing dispersion medium in case the dis- 
persion medium is water. The dispersion medium 
is removed by a thermal decomposition when the 
dispersion medium is paraffin. However, the re- 
moval of the dispersion medium by either heat 
evaporation method or thermal decomposition 
method is disadvantageous in that both methods 
require lots of time. 

Apart from the above-mentioned methods, Mr. 
Nishio and others, the inventors in the present 
application, disclosed the following in a Japanese 
Patent Application No. 100433/85 (a Japanese Pat- 
ent Application Laid Open (KOKAI) No. 261274/86): 
metal or ceramics powder are dispersed in various 
sorts of alcohol to be turned into slimy. The slurry 
is cast into a gypsum mold and solidified into a 
compact by letting the gypsum mold absorb a part 
of dispersion medium. The dispersion medium con- 
tained in the compact is extracted and removed by 
supercritical carbon dioxide. In this patent applica- 
tion, however, only the method for removing the 
dispersion medium contained in the compact is 
disclosed. In the meantime, a hot isostatic pressing 
process is known as a method for turning into a 
high density sintered body, the porous compacts 
obtained by various sorts of methods for molding 
powders such as mold casting, plastic forming, 
press forming or the like. In the hot isostatic press- 
ing process, a compact is sintered and is pressed 
isostatically by gas under conditions: temperatures 
of approximately from 500 to 2,200" C and pres- 
sures of approximately from 100 to 3,000 kg/crn^. 
At the time of sintering under these conditions, it is 
necessary that a pore sealing process is applied in 
advance to the compact so that a gas pressure can 
spread over the surface of the compact without 
letting the gas enter into the pores of the compact 
The methods described in a Japanese Examined 
Patent Publication No. 35870/84 and in a West 
German Patent No. 3,403,917 are introduced as 



methods of the pore sealing process. 

The following is disclosed in the Japanese Ex- 
amined Patent Publication No. 35870/84: an inner 
porous layer comprising low melting glass, low 

s melting glass forming substance or high melting 
metallic substance is formed on the surface of a 
compact of silicon nitride, and the inner porous 
layer can turn into an impermeable film layer to 
high pressure gas at 1,300 to 1,600* C i.e. at a 

io temperature or less of sintering the silicon nitride. 
An outer porous layer, which can turn into an 
impermeable film layer comprising a low melting 
glass or low melting glass forming substance is 
formed on the surface of the inner porous layer. 

19 and the outer porous layer can turn into an im- 
permeable film layer to the high pressure gas at a 
temperature or less at which the inner porous layer 
so does. Subsequently, after a degassing treatment 
is applied to the porous compact covered with the 

20 inner porous layer and the outer porous layer, a 
heat treatment comprising a first and a second heat 
treatment will be applied to the compact The first 
heat treatment is carried out at a temperature 
which is necessary for the formation of the im- 

26 permeable film layer from the outer porous layer, 
but enables the inner porous layer to maintain its 
porosity. Successively, the second heat treatment 
is carried out until a temperature Is raised upto the 
temperature necessary for the formation of the 

30 impermeable film layer from the inner porous layer. 
After the heat treatment a hot isostatic pressing 
process is applied to the porous' compact at a 
temperature of from 1,700 to 1,800* C and at a 
pressure of from 2,000 to 3,000 atm. In this meth- 

35 od, however, to form the porous layer on the sur- 
face of the porous compact slurry is made by 
dispersing powders in water, the porous compact is 
immersed in the slurry and thereafter, dried. This 
drying operation, which takes lots of time, needs to 

40 be repeated twice so as to form two layers of the 
inner and outer porous portions. 

A density increasing method comprising the 
following steps is disclosed in the West German 
Patent No. 3,403,917 as a method for molding an 

45 intricate shape compact porous ceramics: 

(a) A porous ceramic compact preliminarily 
formed is immersed in a suspension to form a first 
capsular layer on the surface of the porous com- 
pact, the suspension being prepared by dispersing 

so a substance containing no sintering auxiliary in a 
solvent 

(b) The solvent in the first capsular layer is 
evaporated; 



2 



3 



EP 0 294 806 A1 



4 



(c) Furthermore, the compact covered with 
the first capsular layer is immersed in a suspension 
to form a second capsular layer on the surface of 
the first capsular layer, the suspension being pre- 
pared by dispersing a substance containing one or 
more sorts of auxiliaries in a solvent: 

(d) The solvent in the second capsular layer 
is evaporated; 

(e) The compact on the surface of which the 
first and the second capsular layers have been 
formed, is sintered in an atmosphere of protective 
gas; 

(f) A hot isostatlc pressing process is applied 
to the sintered compact and 

(g) The first and the second capsular layers 
are removed mechanically. 

Even in this method, however, an operation for 
evaporating and removing the solvent has to be 
repeated twice because the two porous layers are 
formed on the surface of the porous compact 

It is an object of the present invention to pro- 
vide a method for manufacturing a sintered body 
with high density in a simple operation and in a 
short time. 

To attain the above-mentioned object the 
present invention provides a method for manufac- 
turing a sintered body with high density comprising 
of the following: 

First powder is dispersed in a first dispersion 
medium composed mainly of substances which 
can be extracted by a supercritical fluid to be 
turned into a first slurry. The first slurry is cast into 
a compact containing the dispersion medium; 

Second powder is dispersed in a second dis- 
persion medium composed mainly of substances 
which can be extracted by the supercritical fluid, to 
be turned into a second slurry. The second slurry 
is coated on the surface of the compact to form a 
film layer; 

The substances of the first and the second 
dispersion medium, each, contained in the compact 
and the film layer are extracted and removed by 
the supercritical fluid; 

The compact from which the substances have 
been extracted and removed, is heated to make 
the film layer impermeable to gas on the surface of 
the compact and 

A hot isostatic pressing process is applied to 
the compact with the film layer impermeable to gas 
on its surface. 

The above object and other objects and advan- 
tages of the present invention will become appar- 
ent from the detailed description to follow, taken in 
connection with the appended drawings. 

Fig. 1 is a graphic representation showing a 
heat pattern and a temperature-rise pattern in the 
hot isostatic pressing process of Example 1 of the 
present invention; and 



Fig. 2 is a graphic representation showing a 
heat pattern and a temperature-rise pattern in a hot 
isostatic pressing process of Example 2 of the 
present invention. 

5 

Preparation of a compact 

First powder is dispersed in a dispersion me- 
io dium composed mainly of substances which can 
be extracted by supercritical fluid, to be turned into 
a first slurry. The first slurry is cast into a mold to 
form itself into a compact containing the dispersion 
medium. 

75 The first powder is metal powder, ceramics 
powder or composite powder of metal and ceram- 
ics. The metal powder can be 2% Ni and 98% Fe, 
SUS 316 or steilite powder. The ceramics powder 
can be alumina, silicon carbide, silicon nitride pow- 

20 der or zirconium powder. The composite powder 
can be tungsten carbide-cobalt or titanium nftride- 
nickel powder. The substances which can be ex- 
tracted by supercritical fluid can be tower alcohol, 
acetone, stearic acid, cetyl alcohol, stearyl alcohol 

25 or paraffin. As the lower alcohol, methyl alcohol, 
ethyl alcohol, n-propyl alcohol, i-propyl alcohol, n- 
butyl alcohol, i-butyl alcohol or t-buthyl alcohol is 
preferable. 

The concentration of the first slurry ranges 

30 preferably from 40 to 75 vol.% powder. If the 
concentration is less than 40 vol.%, it is difficult 
that the compact is processed because the density 
of the compact decreases after the removal of the 
dispersion medium. If the concentration is over 75 

35 vol.%, the fluidity of the slurry becomes worse and 
it is difficult that the slurry is packed into a mold. If 
a dispersion agent is added to the first slurry, the 
fluidity of the slurry increases. 

In case the slurry is solidified by letting a mold 

40 absorb the dispersion medium, the mold made 
from gypsum or porous resin is used. In case the 
slurry is solidified by freezing the dispersion me- 
dium, the mold made from liquid non-absorbing 
materials is used. 

45 Tool steel, hard rubber, aluminium, stainless 
steel or steel is selected appropriately and used as 
the liquid non-absorbing materials. 



so Formation of Rim Layer 

Second powders are dispersed in a dispersion 
medium composed mainly of substances which 
can be extracted by supercritical fluid, to be turned 
55 into a second slurry. The second slurry is coated 
on the surface of the compact to form a film layer. 
The second powders are any one selected from 
the group consisting of metal powder, ceramics 
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powder and composite powder of metal-ceramics. 

The concentration of the second slurry ranges 
preferably from 10 to 75 vol.% of powder. If the 
concentration is less than 10 vol.% of powder, the 
compact needs to be coated many times with the 
dispersion medium, which requires lots of work. If 
the concentration is more than 75 vol.% of pow- 
ders, the fluidity of the slurry becomes worse and it 
is difficult that a homogeneous film layer is formed. 

If the dispersion agent is added to the second 
slurry as to the first slurry, the fluidity of the slurry 
increases. 

A single film layer is sufficient if the film layer 
can be removed easily from a sintered body after 
the hot isostatic pressing process which will be 
explained later. In case the film layer is not re- 
moved easily or in case the film layer reacts with 
the sintered body to change in quality, two film 
layers are preferable used. The two film layers are 
preferred to be composed of an inner film layer 
made from an inactive material difficult to sinter 
and a gas-impermeable outer film layer made from 
a material easy to sinter. The two film layer can be 
composed of two layers of films with different de- 
grees of sintering to let them turn easily into ones 
impermeable to gas. Furthermore, a film layer 
made from an Inactive material can be put between 
the compact and the two film layers to form three 
layers of film. 

The inactive material hard to sinter is prefer- 
ably formed from any one selected from the group 
consisting of high melting metal powder and non- 
oxide ceramics powder. As the high melting metal 
powder, tungsten, tantalum or niobium Is preferably 
used. As the non-oxide ceramcis powder, boron 
nitride, aluminium nitride, silicon nitride, silicon car- 
bide, titanium diboride, zirconium diboride or boron 
carbide is preferably used. 



Extraction and Removal 

Substances of the first and the second disper- 
sion medium contained in the compact and the film 
layers are extracted and removed by a supercritical 
fluid. The materials used for the supercritical fluid, 
the critical temperatures of which are close to 
ordinary temperatures, are preferable, because 
those materials are treated easily. Those materials 
can be carbon dioxide, ethane, methylene, or mon- 
ochlorotrifluoromethane. By the application of this 
supercritical fluid, the extractions of the substances 
from each of the dispersion mediums contained in 
the cast compact and in the film layers, which have 
conventionally been removed separately and in- 
dividually, can be removed in one process. There- 
fore, the process can be simplified. Furthermore, 
the dispersion medium in the film layers has con- 



ventionally been removed by a heat evaporation. In 
this case, there have been problems in that cracks 
in the film layers are caused by contraction of the 
film layers. However, the use of the method of the 

5 extraction and the removal of the dispersion me- 
diums by means of the supercritical fluid enables 
the film layers not to crack and to be obtained 
without defects. The following extracting conditions s 
are preferred, when the supercritical fluid is, for 

;o example, carbon dioxide: 

Pressure is from 80 to 200 kg/cm; and 
Temperature is from 35 to 70* C. 



is Formation of Impermeable Rim Layer 

The compact, from which the extractable sub- 
stances have been extracted and removed, is heat- 
ed and the film layer on the surface of the compact 

20 is turned into an impermeable film layer to gas. 
The formation of the impermeable film layer is 
carried out at atmospheric pressure or in a vacu- 
um. However, in case the problem of a thermal 
decomposition of the compact occurs such as sili- 

25 con nitride, the compact can be compressed in an 
atmosphere of nitrogen. The atmosphere is se- 
lected, depending on the materials of the compact 
When metal is used for the compact, an innert gas 
such as argon or nitrogen is used. Hydrogen can 

30 be added to the innert gas. When non-oxide ce- 
ramics is used, an innert gas atmosphere is pre- 
ferred. When oxide ceramics is used, either the 
atmosphere of innert gas or the atmosphere of air 
can be selected. Before the turn of the film layer 

35 into the impermeable one, residual remaining in the 
dispersion medium, which cannot be extracted and 
removed, can be removed by heating or the resid- 
ual can be removed on the way to the turn of the 
film layer into the impermeable one. The imperme- 

40 able film layers have to plastically be deformed, 
without losing the gas Impermeability, In compli- 
ance with the contraction of the compact during the 
hot isostatic pressing process. 

45 

Hot Isostatic Pressing Process 

The hot isostatic pressing process is applied to 
the compact, the film layer on the surface of which 
so has been turned into the impermeable film layer to 
gas. 



Example-1 

55 

A gypsum mold having cavity of 12mm 0 x 
20mm was prepared. Slurry consisting of 88 wt% 
of material powder made from 95 wt% of ShO* 
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and 5 wt% of Y2O3. 11 wt% of i-propyl alcohol 
and 1 wt% of polyethylene glycol was cast into a 
mold. The cast slurry was left for eight hours, as it 
was to have the dispersion medium in the slurry 
absorbed by the mold and a solidified compact of 
a cylindrical shape was taken out of the mold. After 
the compact was immersed in the slurry consisting 
of 35 wt.% boron nitride and 65 wt.% i-propyl 
alcohol, the compact was taken out to be exposed 
to the air for 10 minutes. Thereafter, the compact 
was immersed again in the slurry and taken out to 
be exposed in the air for 10 minutes. Such treat- 
ment was repeated five times in all. 

Subsequently, the compact was immersed in 
the slurry obtained by mixing 35 wt% of mixed 
powders consisting of 84 wt.% of Si3N*, 12 wL% 
of Y 2 0 3 and 4 wt% of AI2O3 with 65 wt% of i- 
propyi alcohol. After that, the compact was taken 
out and exposed to the air for 10 minutes. The 
compact was immersed again in the slurry. Such 
treatment was repeated five times in ail. As a 
result two film layers were formed. 

Subsequently, the dispersion medium in the 
compact on the surface of which the two film 
layers were formed, was extracted by carbon diox- 
ide at a gauge pressure of 200 kg/cm 2 and at a 
temperature of 35* C for one hour and a half. As a 
result it was ascertained that the compact and the 
film layers, from which the dispersion mediums 
had been extracted and removed, had a weight 
almost corresponding to the weight of the starting 
material powder. 

The compact from which the dispersion me- 
dium had been extracted and removed, was set in 
a hot isostatic pressing apparatus. According to the 
heat pattern and the temperature-rise pattern as 
shown in Rg. 1, a vacuum degassing, a turn of the 
porous film into the impermeable film layers to gas 
and the isostatic pressing process were applied to 
the compact That is to say, the vacuum degassing 
operation was carried out at 1000* C and at a 
pressure of 0.2 Tom The porous film layer was 
turned into the impermeable film layer, being main- 
tained in an atmosphere of nitrogen at 1800* C and 
at a gauge pressure of 10 kg/cm 2 for 10 minutes. 
The hot isostatic pressing process was applied to 
the compact, being maintained in an atmosphere or 
nitrogen at 1750* C and at a gauge pressure of 
2000 kg/cm 2 for two hours. After cooling the com- 
pact, the film layers on the surface of the compact 
were removed by sandblasting. The compact thus 
obtained had a high density corresponding to a 
theoretical density of 992%. . 



Example-2 

Material powder of from 5 to 60 urn in size 
consisting of 95 wt.% of W, 3.5 wt% of Ni and 1.5 

5 wt% of Fe was prepared. Slurry was prepared by 
adding 8 wt% of paraffin with a melting point of 
from 42 to 44* C and 0.2 wt% of oleic add to 91.8 
wt.% of the material powder and by stirring and 
mixing paraffin, oleic acid and the material powder 

ro at 80* C for three hours. In the meantime, a mold 
provided with a water-cooled aluminium tube which 
had a rectangular cavity of 10mm x 50mm x 70mm 
was set A compact was prepared by casting slurry 
being pressed at a gauge pressure of 3 kg/cm 2 into 

is the water-cooled mold. The compact was coated 
with slurry consisting of 80 wt% glass powder, 
which consists of 96.5 wt% of SiO*. ZJQ wt% of 
B2O3 and 0.6 wt% of AI2O3, 195 wt.% t-butyl 
alcohol and 0.5 wt% carboxylic acid dispersion 

20 agent Thickness of coated film was 0.5mm. 

Subsequently, the dispersion medium in the 
compact was extracted by carbon dioxide at a 
gauge pressure of 100 kg/cm 2 and at 35* C for two 
hours and it was ascertained that the compact and 

25 the film layer, from which the dispersion medium 
had been extracted and removed, had a weight 
almost corresponding to the weight of the starting 
material powder. The compact from which the 
dispersion medium had been extracted and re- 

30 moved, was maintained at 800* C and at a pres- 
sure of 10" 3 Torr for two hours. After that the 
compact was maintained at 1 .300* C and at a pres- 
sure of 10" 3 Torr for 10 minutes and cooled at 
ordinary temperatures. The surface of the compact 

35 was covered with glassy materials. The compact 
covered with the glassy materials was set in the 
hot isostatic pressing apparatus. According to the 
heat pattern and the temperature-rise pattern as 
shown in Rg. 2, the glassy film layer of the com- 

40 pact was melted in an atmosphere of argon and the 
hot isostatic pressing process was applied to the 
compact Namely, the glassy materials were melt- 
ed, being maintained at 1,300* C and at a pressure 
of 0.5 Torr for 10 minutes. The hot isostatic press- 
es ing process was applied to the compact, being 
maintained in an atmosphere of argon at 1350* C 
and at a gauge pressure of 1000 kg/cm 2 for one 
hour. After cooling, the film layer was removed by 
sandblasting. The sintered body thus obtained had 

so a high density of 99.6% corresponding to the theo- 
retical density. 



Claims 

55 

t. A method for manufacturing a sintered body 
with high density comprising: 

turning a film layer on the surface of a 
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compact into an impermeable film layer to gas by 
heating the compact from which substances of 
dispersion mediums have been extracted and re- 
moved; and 

applying a hot isostatic pressing process to 5 
the compact, the film layer on the surface of the 
compact having been turned into the impermeable 
film layer, 

characterized by turning first powder into a 
first slurry by dispersing the first powder in a first to 
dispersion medium composed mainly of sub- 
stances capable of being extracted by supercritical 
fluid, and forming a compact containing the first 
dispersion medium by casting the first slurry; ■ 

turning second powder into a second slurry by is 
dispersing the second powder in a second disper- 
sion medium mainly composed of substances ca- 
pable of being extracted by supercritical fluid, and 
forming a film layer by coating the surface of the 
compact with the second slurry; and 20 

extracting and removing the substances 
contained in the compact and the substances con- 
tained in the film layer by means of the super- 
critical fluid. 

2. The method of claim 1 , characterized in that 25 
said first powder includes metal powder, ceramics 
powder and compostie powder of metal and ce- 
ramics. 

3. The method of claim 1 or 2, characterized in 

that said second powder includes metal powder, 30 
ceramics powder and composite powder of metal 
and ceramics. 

4. The method of idaim 1, 2 or 3, characterized 
in that said supercritical fluid includes carbon diox- 
ide, ethane, ethylene and monocb- 35 
lorotrifluoromothane. 

5. The method of any one of claims 1 to 4, 
characterized in that said substances capable of 
being extracted by supercritical fluid include lower 
alcohol, acetone, stearyl alcohol, cetyl alcohol and ao 
paraffin. 

6. The method of claim 5, characterized in that 
said lower* alcohol includes methyl alcohol, ethyl 
alcohol, n-propyl alcohol, i-propyl alcohol, n-butyi 
alcohol, 1-butyl aclochol and t-butyl alcohol. 45 

7. The method of any one of claims 1 to 6, 
characterized in that said first slurry includes a 
slurry of from 40 to 75 vol.% of powder. 

8. The method of any one of claims 1 to 7, 
characterized in that said second slurry includes a 50 
slurry of from 10 to 75 vol.% of powder. 

9. The method of any one of claims 1 to 8, 
characterized in that said film layer includes at 
least two film layers. 

10. The method of claim 9, characterized in 55 
that said at least two film layers include two layers 
consisting of an inner film layer made from an 



inactive material difficult to sinter and of an outer 
gas-impermeable film layer made from a material 
easy to sinter. 

11. The method of claim 10, characterized in 
that said inactive material includes high melting 
metal powder and non-oxide ceramics powder. 

12. The method of any one of claims 1 to 11, 
characterized in that said compact from which the 
substances have been extracted and removed in- 
cludes a compact, from which the substances are. 
extracted and removed and still residual contained 
in the first and the second dispersion mediums 
without being removed is removed by heating. 
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